Introduction
The Edwin Smith papyrus (ESP) [1] holds a very special position in the canon of the ten surviving major medical papyri from ancient Egypt. The text has a clear, logical structure. It describes injuries and wounds from head to toe (a capite ad calcem), separated into 48 cases. Again, each case is presented in a clearly structured manner. After the title, the diagnostic procedure and relevant clinical signs are enumerated. When deemed necessary, differential diagnostics are mentioned as well as an additional explanation of some of the clinical symptoms and specific medical terms. A verdict follows that comprises three treatment possibilities: either the disease can be treated, or it is a disease "the physician will fight with," or nothing can be done for the patient. Depending on this, treatment options are given.
After the editio princeps ( Fig. 1 ) by Breasted in 1930 [2] and the standard edition of the hieroglyphic text in 1959 [3] , three more recent major editions of this papyrus in translation with commentary have been published [1, 4, 5] , in addition to some articles that studied single cases [6] [7] [8] [9] [10] [11] . Most of these publications were more or less philogically oriented. Consequently, since its publication the ESP has attracted modern physicians, who have explained the injuries based on their knowledge of modern medicine and tried to evaluate the efficacy of the proposed treatments from a modern medical point of view [12] [13] [14] . Many of these students praised the ESP as the first scientific work of medicine because of its clearly structured layout and the lack of magical practice [15, 16] . Unfortunately, often it is not mentioned or missed that the ESP also contains prescriptions with magical spells or allusions. This holds true for cases 8 and 9 in the surgical part and several magical spells on the verso of the last page, which are not directly related to the surgical treatise. These, of course, do not fit the pure scientific approach. When mentioned, the magic interludes in this papyrus were often defined as unnecessary slips of the otherwise scientific approach and were mostly discarded as a "fall back" to more pagan times [17] , which allegedly happened to ancient Egyptian medicine in the course of its later development [18] .
The aim of this article is to define the socio-cultural environment ("Sitz im Leben") of this document in order to explain this putative contradiction. Furthermore, its "scientific character" will be discussed. In detail, the following issues will be addressed: What was the social organization of ancient Egypt at the time of the ESP (1600 BCE)? How does medicine fit into this, and how was it executed practically? What are the treatment concepts and how does magic fit into all this? How did the individual patient fare? This article will not discuss the ESP on a case-by-case basis, but tries to give an overview.
The social-governmental organization
Around 1600 BCE, the approximate time the ESP was writen, although it quite obviously is a copy of a much older papyrus, ancient Egypt was a highly organized society [19] . The ancient Egyptian society included professional specializations. One finds carpenters, fishermen, peasants, and various craftsmen, just to name a few. This facilitated the great building projects and enterprises of the state such as temples and pyramids. Specialization, which had started many centuries before, necessitated a good working administration, as a carpenter had to be supplied with food that he could not generate for himself. Therefore, nearly every transaction related to the distribution of goods, food, and the work force was managed by the state and registered in archives to keep things running well. In general, this form of governmental organization (redistributive economy [20] ) represents the concept of the division of and specialization in labor and the redistribution of "surplus food," which constitutes one hallmark of all ancient civilizations [21] .
Most of the administrative archives were located in respective centers connected to temples. The relevant location was a building called the "House of Life" [22] . The Egyptian countryside was covered by a more or less tight net of temples (and adjoining administrative buildings). These institutions housed the standard documents, which constituted the intellectual basis of the Egyptian state itself. These documents included royal decrees and religious texts in addition to administrative documents. In addition, these places kept written documents for issues dealing with the necessities of daily life. Astronomical observational lists for defining the rise of the Nile, mathematical (engineering) papyri for building projects and land surveys after the annual flood, and of course medical papyri belonged to this knowledge base. These documents were used for reference and for the education of scribes and governmental employees, which took place in the temple precincts as well. In addition, the major (temple) centers had to organize religious feasts, expeditions, and building enterprises in accordance with the royal court. Also jurisdiction was practiced there. However, it is necessary to understand that these administrative centers were not exclusively responsible for the welfare of the state by wringing taxes out of the peasants and ordering corvèe work, as one might be led to believe. On the contrary, these institutions also had to supply Fig. 1 Photographs of the Edwin Smith papyrus from the original publication by Breasted [57] . a Part of a page of the original in hieratic; b the modern scientific transcription into hieroglyphics services and help for the common people in order to keep the state running. This fact is mirrored in the various "teachings," presenting guidelines for administrative personnel on how to behave in specific situations [23] . Egyptology has proved several periods in the 4,000 years of ancient Egyptian history in which this centralized system broke down and social turmoil occurred.
The place of medicine in society and its practical execution
On the very practical side, we can differentiate a governmental medicine from a "folk medicine." Common people may have asked somebody from their village, the neighbors, or a lay person with some medical knowledge, for help with minor diseases and illnesses. A text from love songs of the New Kingdom describes how this could have happened: "I will lie down at home and do as if I were sick; the neighbors will come and look after me…" [24] . In more serious situations, common patients would have sought help from a "professional" in the temple and thus addressed governmentally organized support. Usually medical doctors would not have gone to people in the countryside, although exceptions certainly occurred [25] . In the temple environments, the patients were attended by physicians, assessed and treated, and possibly told to come back. It seems likely that they could stay there for treatment and medical observation, but this is not described prior to Hellenistic times [26] . The story of the Wesir Wesh-Ptah relates a description of how things could have been handled in such a context: "After observation of the patient all the relevant scriptures were brought in order to get a clue what had happened to him. Then treatment was advised accordingly" [25] .
Different scenarios can be projected for the royal entourage and high-ranking officials. Several physicians were permanently present at the royal court, as specific titles suggest [25] . But otherwise the procedure per se was the same: After examination of the patient and checking the documents, treatment was done.
Clearly, the therapeutic goal of the ancient Egyptian physician was to cure the patient and return him to health as much as possible. However, this should not be seen so simply. The intent to treat had farther-reaching motives. Besides the individual fate of a single patient, there was a general interest of the state in the widest sense to keep its population healthy and functional. Consequently, the medical profession in ancient Egypt had a structured organization. We find masters, inspectors, and chiefs of physicians [25] . Furthermore, physicians were appointed to specific jobs that necessitated their permanent presence for a limited time, such as service during an expedition, at a major construction site, or during a journey by ship [25, 27] . All this can be adduced as evidence for this interest, albeit there is some Egyptological discussion about the real meaning and efficacy of all these titles [25] . The state understood that a healthy population was a prerequisite for a functioning state. Again, this must not be understood as a generous attitude of the government. On the contrary, the "lower ranks" of the population expected care and provisions through an orderly setup of society with all its supplies and thus accepted the social inequality that necessarily existed in those societies [28] . This is mirrored in part in the so-called "lamentation literature" in which the misadventures of a non-functioning state are described and the missing "order of the world" (see below) is lamented. In "The Lamentations of Ipuwer," the Pharaoh as the major representative of this order is obviously reproached for not fulfilling his duties in this respect [29] . One major aspect of the governmental medical care was simply to keep the "system" running.
Considering the above circumstances, we can explain the different types of medical documents that survived, albeit we have to be clear that we have something like 0.001 % of the actually existing ancient Egyptian medical literature. Out of the canonical scripts, excerpts were made for specific situations-often by scribes who did not always understand what they had to write-and passed to the physicians appointed to a specific task. So one can imagine that more information on traumatic incidences was needed for building enterprises, whereas expeditions needed more information about what we moderns would call infections and the consequences of malnourishment, skin problems (sun burn, parasites, snake and scorpion bites), and eye diseases. Many of the preserved abbreviated medical manuals may have originated in such situations. Some of the larger medical papyri found in tombs, like the ones in the collections of the Ramesseum [30] and the Chester Beatty papyri [31] , could have been given as a gift after the successful completion of a difficult job for which the specific copy was prepared. There also were copies made for personal use. Papyrus libraries were bequeathed within families to keep the profession there [32] . These papyri were very valuable as they represented knowledge that was otherwise not available.
Treatment concepts, magic, and science
The ancient physicians had a specific and rather sophisticated pathophysiological concept of (internal) diseases [33] , which unfortunately complies with little of the actual inner workings of the body as we understand them today. They assumed some type of circulatory system, which included the heart and in which bad substances could accumulate and circulate. Furthermore, an elaborated materia medica was available with sophisticated application methods. Some of the applied drugs were effective [34] [35] [36] . This knowledge was acquired over the centuries by trial and error and finally led to the high esteem of the medical profession in the ancient world [37] . Part of this knowledge has survived in several larger medical papyri and many fragments [18] , a textual corpus of which the ESP constitutes only a minor fraction.
As has often been observed by students, the anatomical descriptions in the ESP are clear, descriptive, and sometimes unique. One of the classics is the comparison of the surface of the (injured) brain to molten copper (case 6). However, the general anatomical knowledge was limited; sometimes it is nicknamed "kitchen" or slaughterhouse anatomy [38] because much of the information seems to be derived from the slaughterhouse indeed. An example is the uterus, which is represented hieroglyphically as the uterus bicornutus, which is not present in human beings. In this context, the question is unresolved as to whether at the time of the ESP the embalmers' knowledge was used by physicians and whether they were two strictly separated professions. According to Ghalioungui, there were individuals bearing the title of physician who very likely could have been embalmers as well [25] . In the later period of Egyptian history, the Egyptian title for physician could mean both. Some information that is presented in the ESP related to spinal injuries does suggest, however, that there must have been an exchange of information between these groups [7] . Otherwise, some descriptions of spinal injuries in the ESP could not be described in such detail.
Besides all this, the ancient Egyptian physicians firmly believed in supernatural forces such as demons, undead persons (Widergänger), and divine influences as causes of illnesses and consequently treated them by magicical rituals. The less obvious the cause of a disease, the more common was magic [39, 40] ! Magic and practical medicine were not different or contradictory to physicians. This differentiation is artificial and was introduced by modern medical historians [41] . The ancients often used magical spells to enhance the effectivity of medical applications, and often magic alone. Thus, there is a significant number of magical spells in other important medical papyri [42] . All this is not so necessary in the ESP, as the causes of the wounds and the injuries are well known, thus showing the "rational" approach, which exemplifies the strength of these ancient societies: The collection of information and facts and the classification of this information. This complies with the "organizational principle" that ruled these societies and without which they could not exist or survive. The ancient Egyptians had available lists of birds, countries, and even objects of daily life [43] . They used them for reference and education. The major intent of these lists was to classify and thus structure the world in order to cope with it. Knowledge meant power. Therefore, the knowledge of the physicians often was called "secret" and was not available to everyone, provided he could read at all. This classification principle is perfectly exemplified in the ESP. The single cases are arranged from the top to bottom of the body. This may seem natural per se, but this structural principle again had a religious background. We know of litanies of Gliedervergottung (deification of members of the body) [44, 45] that have the same order. Here we come to another important point, namely that medicine was deeply rooted in the divine realm. The relevant documents were stored in the temples; education as well as treatment took place there. Some of the physicians may have been priests as well, and a specific type of priest also could magically treat patients [46] to some extent. All this explains why magic was a firm component of medical practice. Specifically in prescriptions with magic components, patients were often addressed as and equated with the god Horus, who was helped by his mother Isis.
In this context, we come to the major driving force of ancient Egyptian thought. All (official) activities had to follow one major principle that traverses all ancient Egyptian behavior: the universal order of the world-"Maat"-which kept the world running. It had to be preserved by all means because it was threatened every day. This fact sets Egyptian medicine in the proper position and environment in this society. According to Egyptian belief, ancient "objects" with a long tradition underpinned the validity of this concept. Thus, we can find the statement in medical texts "that the text is a copy of an ancient papyrus found in a chest by chance" [47] and thus must be qualitatively good, because otherwise it would have perished. Ancient Egyptian society wanted stability and no abrupt changes. This can be seen very well in ancient Egyptian art, which did not change in its basic principles throughout the existence of ancient Egypt. Once a reasonable solution to a problem was achieved, it was preserved, and one did not necessarily look for other solutions. This complies well with the ESP, which was copied around 1600 BCE, but stems from a much older document according to the language of this papyrus [1] .
This does not mean that there was no progress at all or that no variety of approaches existed. In the medical literature, there are significant variants in the selection and applications of drugs [40] . Even foreign treatments were accepted in the medical canon [42, 48, 49] . However, over time there was little obvious significant change. Due to this general attitude of ancient Egyptian society and due to the close connection of medicine to the divine, science in the modern sense was not possible and possibly not even thought of. One did not experiment with religious issues and endanger the general world order. The ancient Greeks were the first to question the divine influence on diseases in the seventh century BCE. Obviously this society was open to these questions [50] . However, even at the time when Hippocrates was active, the Asclepiads still recommended treatment in the temples and help from the gods [51] .
The individual patient
Now the fate of the individual patient should be examined in reference to the cases described in the ESP.
One of the major issues seems to have been to establish a proper prognosis that determined the further procedures. This may sound astonishing at first. However, it is understandable when we regard this from the viewpoint of a major organization. This was nothing other than triage, which makes even more sense in the context of limited treatment options (see below). The verdict/prognosis was written in red in the ESP, which underlines its importance. This method is not unusual as we can still find this approach in ancient Greek medicine (1,000 years later). Here the major issue was also determining the prognosis [52] . Actually, the authority and credibility of an ancient Greek physician depended to a large extent on establishing a fast and proper prognosis [53] .
It is important to note that the Egyptian physicians did not give a single disease name in the ESP, but an enumeration of symptoms. This is a relevant fact, as a "singleword" diagnosis usually implies a coherent pathophysiological concept that each physician understands. Thus, for modern physicians the concept of diabetes includes various aspects that do not have to be enumerated each time. However, a loose collection of symptoms rather constitutes a syndrome, in the best medical sense, which does not necessarily imply an understanding of the underlying pathophysiology. We would for instance summarize some of the injuries in the ESP (e.g., cases [18] [19] [20] as cranial base fractures. To any modern physician, this term would mean a specific injury with variable severity depending on the location and strength of the impact. Thus, a physician would rather summarize the single cases under one heading. Similarly, the last case (case 48) in the ESP deals with lower back pain. Several symptoms are enumerated. From a modern point of view, this could indicate several diagnoses, such as a tumor, a slipped disc, or a simple joint problem. The ancient Egyptian physician gave a "syndromatic" description from which a final modern diagnosis can hardly be developed, as relevant information is missing. Thus, often a definitive modern diagnosis cannot be made simply because of the lack of specific information in the ESP. This is not a denigration of the ancient Egyptian medical art, which was quite sophisticated despite their limited knowledge, but we have to know what we can take for granted.
In addition, we have to be clear that the treatment options in the ESP are very limited. Most of them are supportive in the best sense, but hardly any of them are curative. One exception may be the readjustment of a dislocated jaw (case 25). The same holds true to some extent for the relocation of a broken collarbone (cases [34] [35] . Here, the outer contour is readjusted; however, the fracture is still there with all its implications for malfunctioning of the adjacent joint (shoulder). Besides this, some treatment suggestions are clearly detrimental to the patient. In case 28, an injury of the esophagus is obviously described. The physician recommended a closure of the superficial wound without further inspection of the deeper layers of the injury. This patient would definitely die from the sequelae of a mediastinitis, which is still a severe disease today. One may muse about the fact that the physician recommended a superficial closure of the wound in this case. Clearly the outflow of water should be mended. The guiding principle was obviously the restoration of the integrity of the outer aspects of the body. This corresponds well to the practice of mummification. Again the outer appearance of the mummy was important for the afterlife, but not so much the internal organs, which were removed during mummification and put in canopic jars separately.
Thus, the fate of the patient was actually determined by the seriousness of the injury, the severity of the following infection, and the physical strength of the patient to cope with these. The main intent of the ancient Egyptian physician was to establish a prognosis. We must be clear about the fact that a negative prognosis meant that the patient was left alone. What this may have looked like is described more fully in the Hippocratic Epidemics. I quote Epidemics 7,32 in reference to the ESP, case 22: "On a Macedonian: …he was struck over the left temple, a superficial wound. He fainted after the hit and fell. On the third day he was speechless. He tossed about. Fever was not very intense…. He heard nothing and was not conscious, nor was he still. Moisture was around his forehead and beneath the nose to the chin. He died on the fifth day" [54] . It is interesting to note that these observations, which are of importance to the physician, are not mentioned in the ESP. This is simply due to the fact that "bad" things could and should not be written down. The Egyptians believed in the supernatural strength of their script; it was not understood as a mere transporter of information. Describing bad events would disturb Maat, the general word order.
Conclusion
What is the best way to approach the ESP? It is rooted in a complex environment, which has to be taken into account in order to appreciate this document fully. Magic definitely was an elementary part of ancient Egyptian medical practice and was applied at various occasions. This approach to cope with problems does not limit the overall achievements of this ancient society. Does the ESP contain science? That depends on the definition and is difficult to grasp [55] . If one applies the "modern" idea of science representing the objective truth, the answer would be no. However, respecting the specific principles to define natural events and mechanisms, which each of these ancient societies used, I would say-in a basic sense-"yes." However, a simple "close reading" of the ESP, including one to apply modern concepts and diagnoses [56] , will most likely not do justice to this unique document.
